Male-biased dispersal and female philopatry are common traits among social mammals, often leading to elevated relatedness within social groups. However, exceptions do occur, with documented cases of female-biased dispersal, dispersal by both sexes, and philopatry of both sexes. In this study, we examined levels of dispersal and relatedness based on analyses of the mitochondrial D-loop and 12 nuclear microsatellite markers in the woodland specialist Ussuri tube-nosed bat (Murina ussuriensis), a relatively widespread, yet locally rare species that is thought to be threatened by loss of its forest habitats across its range. A total of 85 individuals were captured in lowland temperate forest on the island of Yakushima and 28 individuals in montane forest in Hokkaido, Japan. In the former, haplotypes showed extreme spatial clustering among females consistent with strong philopatry, but spatial mixing among males suggesting dispersal over short distances. These findings were broadly supported by microsatellite analyses, which indicated considerable genealogical structure within sampling locations but a lack of spatial structure, again indicating that some gene flow does occur in one or both sexes. The Hokkaido data, although limited, did not show these patterns and instead suggest that differences in environmental and behavioral variables may influence movement ecology of individuals at these 2 sites and consequently fine-scale genetic structure within this species.
Animal dispersal is a key life history trait that has important implications for long-term viability of a species (Chepko-Sade and Halpin 1987; Dobson et al. 1997; Colbert et al. 2001) . However, understanding the dispersal strategy of a species can be challenging because it will be dependent on a range of behavioral, ecological, and geographical variables such as importance of social interactions, mating systems, resource availability, and habitat heterogeneity (Perrin and Goudet 2001; Wiens 2001; Lawson Handley and Perrin 2007) . Dispersal may be expected to evolve when potential benefits of leaving the natal area (e.g., increased chance of reproductive success by avoiding kin competition and inbreeding avoidance-Perrin and Mazalov 2000) outweigh costs (e.g., risk of mortality from travelling over new terrain, loss of familiarity with resource distribution, or reduced potential for cooperative behavior among kin-Lawson Handley and Perrin 2007) . Selective pressures will also act differently on males and females, which can lead to sex-biased dispersal (see Lawson Handley and Perrin 2007) . Studying dispersal behavior of both sexes within a species can therefore provide valuable information concerning factors that influence movement patterns. In most mammal species, males typically disperse from their natal areas, while females remain philopatric (Greenwood 1980) .
Compared to many taxa, relatively little is known about spatial and behavioral ecology of bats, in part due to difficulties of observing nocturnal and highly mobile animals in the wild, and also because GPS tracking devices are still too heavy for the vast majority of bat species. The relative paucity of data is unfortunate because bats exhibit a wide range of behavioral traits including varied roosting ecologies, breeding systems, and social structures (McCracken and Wilkinson 2000) while also being highly mobile and having potential to cover large areas. Identifying differences in movement ecology between species can, therefore, reveal important insights into ecological and evolutionary processes acting upon them. Of the few species that have been studied to date, most show female philopatry, which in extreme cases leads to the formation of groups comprising highly related matrilineal kin (e.g., Rhinolophus ferrumequinum- Rossiter et al. 2005 ; Myotis bechsteinii- Kerth and Van Schaik 2012) . However, exceptions do occur; all offspring appear to disperse in several species (e.g., Phyllostomus hastatus- McCracken and Bradbury 1981; Desmodus rotundus-Wilkinson 1985; Lophostoma silviculum-Dechmann et al. 2007 ), while female-biased dispersal has been observed in at least 2 neotropical bats (Saccopteryx bilineata- Nagy et al. 2007 ; Rhynchonycteris naso -Nagy et al. 2013 ). Information about dispersal behavior of males is often limited by the difficulty of finding individuals, which frequently roost alone. As a result, male dispersal is generally estimated through molecular analyses. However, this can be complicated by individuals remaining near their natal area for much of the year but temporarily dispersing to find individuals from different social groups during the mating season (Burland et al. 2001) .
As the movement of individuals outside of their natal area can lead to significant heterogeneity in population genetic structuring (e.g., Burland et al. 1999) , while non-random mating events can lead to fine-scale genetic structure (e.g., Rossiter et al. 2005) , molecular techniques can help us understand behavioral and movement ecology of a species. This is especially true for social species because determining levels of relatedness and social structure can help identify benefits of living in a group (Sugg et al. 1996; Coltman et al. 2003; Nussey et al. 2005; Ortego et al. 2008; Galarza et al. 2009) .
In this study, we apply molecular analyses to determine dispersal behavior of the Ussurian tube-nosed bat, Murina ussuriensis (Vespertilionidae, Chiroptera), a small insectivorous bat whose distribution is limited to forested areas of the Korean Peninsula, Primorye, Sakhalin, the Kuril Isles, and Japan (Simmons 2005) . Although classified by the IUCN as a species of "least concern" due to its relatively widespread (yet locally rare) distribution, its reliance on woodlands for roosting and foraging is thought to make it especially vulnerable to habitat change (Tsytsulina 2008) . As a result, specific information on the dispersal behavior of M. ussuriensis would be helpful for understanding this species' habitat needs, which in turn could inform effective conservation policy. In addition, by characterizing genealogical relationships among individuals within populations, we aim to describe social structure of this species, which may help to provide insights into its behavioral ecology. Although little is known about the behavior of M. ussuriensis, a recent study by Fukui et al. (2012) found that female bats formed a maternity colony that showed daily roost switching with roosts ranging from 1 adult female and her infant to 9 adult females and 13 infants. Complex patterns of sub-grouping with non-random associations were also observed; despite finding 18 different maternity roost locations, 3 of the 6 radiotagged females roosted together on 5 of the 8 days, while a 4th female roosted with them on 3 of these days. We expect that, as in most mammals, M. ussuriensis males will show evidence of dispersal. However, because female bats are part of a dynamic social system that involves frequent roost switching, it is unclear whether they will show evidence of strict philopatry or greater movement. In addition, we sample individuals from 1 mountainous and structurally complex habitat and from 1 relatively continuous habitat, to determine whether differences in terrain influence population genetic structure of this species.
Materials and Methods
Sample collection.-Murina ussuriensis individuals were captured at 9 sites (CONC, HIV, HIIV, HIIIV, BUG, LOV, KIV, KI.5V, and KIIV; abbreviations are based on site names translated from Japanese) in warm temperate lowland broadleaf forest on the west coast of the island of Yakushima, Japan (30°21′31′′N, 130°31′43′′E), between July-September 2011 and May-September 2012. Individuals were also sampled at 4 sites (LNS, NWS, SEE, and UNS) in the Horoka Tomamu Montane Forest an area of cool temperate forest in central Hokkaido, northern Japan (43°6′8′′N, 142°30′54′′E), in August 2012. Bats were captured using harp traps (Austbat, Faunatech, Bairnsdale, Australia) and mist nets in conjunction with an Autobat acoustic lure (Hill and Greenaway 2005) , which has been found to be particularly effective for capturing this species. Tissue samples were taken using a 3-mm biopsy punch from the wing membrane and stored in ethanol at −20°C until the genomic DNA was extracted. All individuals captured were fitted with individually numbered aluminum rings to allow for the identification of any recaptured animals. All trapping and handling procedures were approved by an institutional ethical review committee and met guidelines approved by the American Society of Mammalogists (Sikes et al. 2011) .
DNA extraction, sequencing and genotyping.-DNA was extracted using a DNeasy Blood and Tissue kit (QIAGEN, Crawley, United Kingdom). A total of 526 bp of the mtDNA control region which spans the hypervariable domain (HVI) was amplified by polymerase chain reaction (PCR) using the primers DL-H 16750 (5′-CCTGAAGTAGGAACCAGATG-3′; Wilkinson and Chapman 1991) and Thr-L 16272 (5′-CCCGGTCTTGTAAACC-3′; Stanley et al. 1996) . PCRs were performed in a 10 μL volume using LA Taq with GC buffers (TaKaRa, Shiga, Japan), containing approximately 3 ng of genomic DNA, 0.3 μM of each primer, 7.5 μL GCI buffer II, 2.4 μL LA dNTP, 0.15 μL LA Taq, and 2.35 μL H 2 O. Reactions were performed under the following conditions: 95°C for 2 min; 40 cycles of 95°C for 30 s, 55°C for 30 s, 74°C for 1 min; and 74°C for 10 min. DNA sequencing was performed on an ABI 3130xl DNA sequencer (Applied Biosystems, Foster City, California). Chromatograms were edited and aligned using BioEdit v.7.0.5.3 (Hall 1999) .
Bats were genotyped at 12 polymorphic microsatellite loci (GenBank accessions: KF042360, KF042366, KF042367, KF042369, KF042370, KF042372, KF042375, KF042377-KF042379, KF042381, KF042382-Kuo et al. 2013) . To amplify microsatellite loci, PCRs were undertaken using total reaction volumes of 10 μL containing LA Taq with GC buffer I (TaKaRa, Shiga, Japan), approximately 3 ng of genomic DNA template and each primer. All primers were labeled with 5′-fluorescein bases (HEX, FAM, or TAMRA), for PCR conditions see the mtDNA sequencing protocol. PCR products were genotyped using an ABI 3130xl DNA sequencer (Applied Biosystems, Foster City, California) and analyzed using GeneMapper version 4.0 (Applied Biosystems, Foster City, California). Individuals with known genotypes were re-run as internal markers to ensure scoring was consistent between studies.
Phylogenetic analyses were conducted using Bayesian inference (BI) in MrBayes v.3.1 (Huelsenbeck and Ronquist 2001; Ronquist and Huelsenbeck 2003) . BI trees were run with 4 simultaneous chains, each of 1 × 10 6 generations, sampled every 100 generations, and with the first 25% of trees discarded as burn-in. A minimum spanning haplotype network (MSNTempleton et al. 1992 ) was created for both sampling locations using TCS v.1.21 (Clement et al. 2000) .
Genetic diversity.-Haplotype diversity (h) and nucleotide diversity (π) were calculated for each population ≥ 2 in DnaSP v.4.10.6 (Rozas et al. 2003) . For the microsatellite data, observed heterozygosity (H O ), expected heterozygosity (H E ), mean allelic richness (R S ), and tests for evidence of linkage disequilibrium for each population ≥5 were carried out in GENEPOP v.3.3 (Raymond and Rousset 1995) . Tests for deviations from HardyWeinberg equilibrium (HWE) were undertaken using FSTAT v.2.9.3 (Goudet 1995) by calculating F IS values within each population and locus. Significance was tested by comparing observed F IS values with a null distribution of expected values based on randomization (1,000 times) using Bonferroni sequential adjustment for multiple tests (Rice 1989) .
Population structure.-Tests for genetic differentiation among localities (where n ≥ 2) were carried out using both mtDNA and microsatellite data. For the mtDNA data, pairwise Φ ST values were calculated and analyses of molecular variance (AMOVA) performed. For both tests, significance was estimated at the 0.05 level with 10,000 permutations in Arlequin v.3.1 (Excoffier et al. 2009 ). For the microsatellite data, pairwise F ST values (Weir and Cockerham 1984) were estimated using GENEPOP, and significance was assessed with 1,000 permutations. Both sets of data were used to test for isolation by distance (Rousset 1997 ) among all localities (where n ≥ 5) using log-transformed distances with linearized Φ ST values [Φ ST /(1 − Φ ST )] in a Mantel test (10,000 permutations) in IBDWS v.3.14 (Jensen et al. 2005) .
Population structure was further investigated using a Bayesian clustering analysis. The likelihood of different numbers of clusters (K) in the data was estimated using the program Structure v.2.3.4 (Pritchard et al. 2000) . Ten independent runs (burn-in of 50,000 and 1 million Markov chain Monte Carlo MCMC steps) were undertaken for each value of K from 1 to 7. Admixture symmetric similarity coefficients (SSC) were applied among replicate runs within each value of K, using the Greedy algorithm of CLUMPP v.1.1.1 (Jakobsson and Rosenberg 2007) in which groups of runs with a SSC ≥ 0.8 were identified and combined. Summary outputs for each value of K were then displayed graphically using the software DISTRUCT v.1.1 (Rosenberg 2004 ). In order to investigate the level of relatedness within populations, the maximum-likelihood sibship assignment method as proposed by Jones and Wang (2010) was used to analyze genealogical relationships within and between populations. Using the program COLONY v.2 (Jones and Wang 2010), polygamy for both sexes was assumed, and the full likelihood model with high precision and no prior for sibship size options were used. Five long and medium runs were conducted, each with different random seed numbers with results tested for convergence by plotting the change in log-likelihood as a function of the number of iterations (Jones and Wang 2010) . Only inferred sibships with a probability over 0.7 were plotted.
results
In total, 85 M. ussuriensis individuals were captured on Yakushima (59 females and 26 males) and 28 were captured in Hokkaido (15 females and 13 males). Recapture rate was low with 8 individuals recaptured on Yakushima and 2 in Hokkaido; all individuals were captured in the same area in which they were initially recorded.
mtDNA data.-A total of 6 unique haplotypes based on 526 bp of the mitochondrial control region were identified from 80 individuals sampled from 9 different locations on Yakushima (54 females and 26 males; GenBank accession numbers KM103346-KM103351, Supporting Information S1). In contrast, sequencing the same 526 bp of mtDNA in a smaller number of bats (n = 28) sampled from fewer localities (n = 4) in Hokkaido yielded a higher number of unique haplotypes (n = 11; GenBank accession numbers KM103352-KM103362, Supporting Information S1). As expected, Hokkaido also yielded higher levels of both haplotype diversity (0.886) and nucleotide diversity (0.01049) across all sites when compared to Yakushima (h = 0.777, π = 0.00424).
Parsimony-based haplotype networks revealed further differences between Yakushima and Hokkaido. On Yakushima, haplotypes formed a single network at a 95% parsimony threshold (Supporting Information S2) with haplotypes largely restricted to specific sampling areas (Figs. 1a and 1b) , especially when analyzing the female samples (Fig. 1a) . Population structure on Yakushima was also supported by the fact that most (86%) pairwise Φ ST values among localities were significant (Table 1) . Hokkaido samples also formed a single network at a 95% parsimony threshold but samples were more scattered with respect to locality (Figs. 1c and 1d ; Supporting Information S2). Pairwise Φ ST comparisons could not be carried out due to the small sample sizes.
Hierarchical AMOVAs revealed that the Yakushima samples showed more genetic variance partitioned between groups than within populations (72.7% versus 27.3%, respectively) which was the opposite to the pattern seen in Hokkaido (15.0% versus 85.0%, respectively; Table 2 ). We found no evidence of isolation by distance using either Φ ST or F ST in samples for either region (P > 0.05).
Analysis of microsatellite data.-A total of 85 individuals from Yakushima and 28 individuals from Hokkaido were genotyped across 12 microsatellite loci. There was no evidence of linkage disequilibrium between loci and there was no significant deviation from HWE detected in either sampling location following Bonferroni correction for multiple tests.
Population genetic structure among localities based on microsatellite data was similar for both sites. Average observed heterozygosity and allelic richness for both Yakushima and Hokkaido were seen to be comparable (Supporting Information S3), and tests for hierarchical analysis of molecular variance for both regions were highly similar with greater variation observed within populations than between groups (Table 2) . Despite this, in pairwise F ST comparisons for Yakushima, 76% of the pairwise comparisons were significant when including all individuals (Table 1) and 94% when analyzing females alone (Supporting Information S4). Although Bayesian clustering analysis for Hokkaido did not reveal any genetic structuring between sampling locations, initial runs for Yakushima identified that KIV formed its own cluster at K = 2 (though partial admixture was observed) which did not change as K was increased. This population was further examined to explore and explain the observed results. Colony 2 analyses revealed that KIV contained a larger number of closely related individuals (full-or half-sibling pairs) compared to other sampling areas (Fig. 2) , although all 3 females caught outside of the main breeding season (late September 2012) were not related to any individuals caught at this site. Reducing the sample size of KIV by randomly sampling a subset of 10 individuals and re-running Structure (this process was repeated 50 times with the outputs combined in CLUMPP) revealed no genetic structure. This result supported the AMOVA that showed a lack of genetic structure among localities, and thus indicated that the most probable number of clusters was K = 1. Further examination of the sibship reconstructions identified 3.4% of comparisons as either full-or half-sibships at the 70% confidence threshold. Of these, 52.8% were female/female half-sibships, 9.3% female/female full-sibships, 29.6% female/male halfsibships, 7.4% male/male half-sibships, and 0.9% male/ male full-sibships. A much greater proportion of these dyads (68.5%) were caught within a sampling site than would be expected by chance (X 2 = 178.37, P < 0.001, d.f. = 2). Sibship analysis could not be carried out on the Hokkaido population because even after extensive tests the independent runs would not converge, most likely due to the small sample size of this population. 
discussion
Knowledge of spatial genetic structure can provide valuable insights into patterns of social organization. In this study, we analyzed the fine-scale genetic structure of M. ussuriensis, which is thought to be highly vulnerable to habitat loss and fragmentation but for which little ecological information is currently available. Analysis of mitochondrial data for individuals sampled on Yakushima revealed fine-scale genetic structure both in females and, to a lesser extent, males, indicating that females remain strongly philopatric to their natal areas during the maternity season. The reduced but detectable genetic structure in males suggests that they show fidelity to their natal area but that these areas are larger in spatial extent than for females, a trend also observed in other species such as R. ferrumequinum (Rossiter et al. 2000; Rossiter et al. 2005) and R. monoceros (Chen et al. 2008) . Based on Bayesian clustering analysis of nuclear microsatellites, we found a lack of structure in males and females. Although differences between maternally inherited mtDNA and bi-parentally inherited ntDNA can be partially due to differences in patterns of inheritance and evolution (see Chen et al. 2008) , these results point to dispersal in one or both sexes outside of the maternity season. Similar patterns have been reported in a number of species of bats (e.g., Plecotus auritus- Burland et al. 1999 ; Myotis bechsteinii- Kerth and Morf 2004; Eptesicus fuscus-Metheny et al. 2008 ) with the lack of genetic structure at the nuclear level attributed to mixing during mating (Kerth et al. 2002; Kerth et al. 2003; Veith et al. 2004 ). Multiple factors may influence an individual's propensity to disperse, including geographic barriers, risk associated with dispersal, availability of suitable habitat, population density, benefit of living in close proximity with kin, and success of mating further afield (Holekamp 1986; Koenig et al. 1992; Solomon 2003; Nunes 2007) . In this study, we observe strong natal philopatry in female bats, and to a lesser extent, in male bats on Yakushima, but the lack of structure at the nuclear level indicates that one or both sexes are unconstrained by physical barriers and that any potential benefits of dispersal (e.g., mating success) outweigh the costs (Perrin and Mazalov 2000) . We suggest that M. ussuriensis females remain philopatric to gain from increased familiarity of the territory (e.g., when acquisition of resources involves detailed knowledge of the area-Lawson Handley and Perrin 2007) and/or to build longterm social bonds and benefit from living in a group (Kunz and Lumsden 2003) . The tendency to remain within a defined area within forest has also been observed in many other woodland specialist species of bat (e.g., Vonhof and Barclay 1996; Sedgeley and O'Donnell 1999) and can often involve individuals showing non-random associations with others in the group (Kerth and König 1999) . Frequent roost switching, as observed in M. ussuriensis (Fukui et al. 2012) , is believed to be an ideal mechanism for bats to lower risk of detection by predators and ectoparasite levels (Lewis 1995) . Regularly switching roosts can also be used to form long-term associations and stable social groups, which can be larger than the number of individuals that are able to share a single roost (Willis and Brigham 2004 ). Although we are not able to determine the size and structure of colonies and social groups in M. ussuriensis, the genetic structure in mtDNA haplotypes is consistent with findings for other species of bat including D. rotundus (Wilkinson 1985) , Myotis bechsteinii (Kerth and Van Schaik 2012) , and Myotis septentrionalis (Patriquin et al. 2013) to the extent that maternal relatedness is likely to influence social structure at a colony level due to strong natal philopatry.
The observed presence of closely related individuals within the same local area also suggests that M. ussuriensis gains from remaining philopatric, even if it is to avoid costs of dispersal (Lawson Handley and Perrin 2007) . Benefits of group living have already been described in many species including elephants (Archie et al. 2006) , dolphins (Lusseau et al. 2006) , bats (Kerth and König 1999; Metheny et al. 2008; Patriquin et al. 2013) , and primates (Majolo et al. 2008) including humans (Marlowe 2005) but is highly dependent on ecological and evolutionary pressures acting upon them.
Although we cannot clearly define social groups, using a maximum-likelihood sibship assignment method to analyze genealogical relationships within and across sampling locations, we detected a higher number of closely related individuals within sampling areas than between them on Yakushima. This was especially true for KIV, where high levels of relatedness among individuals appear to have also led to an erroneous cluster in the Structure analyses. It is unclear why only one of the sites was characterized by a sample comprising several close relatives, although this could well be due to chance. Regardless, the high degree of relatedness of the KIV samples shows that family members do at least sometimes return to the same site over successive years. Individuals captured in KIV outside of the breeding season (September 2013) did not appear to be closely related to each other, perhaps because the maternity group had dispersed following weaning of the young (Kerth et al. 2003) .
Our analysis of the Hokkaido data was limited due to small sample size and restricted sampling area. We did not detect strong population structure in either mitochondrial or microsatellite data although, considering the structuring of haplotype data observed on Yakushima, further sampling over a wider area of Hokkaido is needed. Compared to low haplotype diversity observed on Yakushima, the relatively high haplotype diversity in Hokkaido was unexpected. One possible reason for this is the contrasting environmental conditions at the 2 sites; while both occur within continuous woodland, the sampling area on Yakushima is characterized by more mountainous terrain. Consequently, the initial colonization of this area was likely limited to movement from the north or south, whereas colonization of the Horoka Tomamu Montane Forest in Hokkaido may have come via multiple colonies from different directions. Although further sampling is needed at Hokkaido, inclusion of this site is a reminder of possible intraspecific variation and that interpretation of Yakushima results may not be applicable for other populations.
Knowledge of a species' spatial and behavioral ecology can inform effective conservation management, especially for rare and endangered species that survive in fragmented landscapes.
We have found that on Yakushima, individuals of M. ussuriensis remain highly philopatric to their natal areas during the breeding season. Given this restricted movement, any habitat changes should be carefully considered, especially because individuals might not be able to move to other unfamiliar areas. Little is known about the life history of this species during the mating season. Our analyses have shown that one or both sexes disperse from their natal areas during the mating season but further work is needed to ascertain what dispersal strategies have evolved (e.g., autumn swarming- Kerth et al. 2003; Rivers et al. 2005 Rivers et al. , 2006 . Finally, differences in haplotype diversity between Hokkaido and Yakushima raise some interesting questions as to how physical variables such as habitat availability and terrain have influenced past colonization events and stability. Further work should focus on examining how different environmental variables (e.g., habitat type, habitat structural complexity, and terrain) influence spatial genetic structure. Additional sampling of the Hokkaido population as well as identifying and sampling other populations in other habitat types is needed. 
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